The 1992 Malawi and Demographic Health Survey data are used to assess the association between breast-feeding practices, socio-economic and morbidity variables, and the nutritional status of children under the age of five years using multilevel models. About 27% of under-five children in Malawi are underweight, and nearly 50% are stunted. The results of this study suggest that socio-economic factors, morbidity, and inappropriate feeding practices are some of the factors associated with malnutrition in Malawi. High socio-economic status, as measured by urban residence, the presence of modern amenities, and some maternal education, is associated with better nutritional status, whereas morbidity within two weeks before the survey is associated with low weight-for-age Z scores. Breast-feeding is almost universal and is carried on for about 21 months, but the introduction of complementary food starts much too early; only 3% of Malawian children under the age of 4 months are exclusively breastfed. Children aged 12 months or older who were still breastfeeding at the time of the survey were of lower nutritional status than those who had stopped breastfeeding. The analysis also showed a significant intra-family correlation of weight-for-age Z scores of children of the same family of about 39%.
Introduction
Many researchers agree that socio-economic and environmental conditions, together with feeding practices, are important determinants of malnutrition in developing countries [1] [2] [3] . Inadequate quantity and poor quality of food result in growth faltering, which is exacerbated by the high prevalence of fevers and diarrhoeal diseases. Inappropriate feeding patterns may also contribute to child malnutrition. Malnutrition is thought to be one of the factors contributing to the high level of child mortality in Malawi, where nearly onequarter of all children die before they reach their fifth birthday [4, 5] .
The results of the 1992 Malawi Demographic and Health Survey showed that about half of under-five children were stunted and about 27% were underweight [6] . These levels of stunting and underweight were identical to those obtained from the 1980-81 National Sample Survey of Agriculture, suggesting that levels of malnutrition have remained the same for at least a decade. One possible reason for the prevailing high levels of malnutrition in Malawi is poverty, since it is estimated that about 60% of the population live below the poverty line [7] . The results of a recent study support this, since they showed that Malawian children from higher socioeconomic backgrounds had anthropometric measures that were comparable to the National Center for Health Statistics (NCHS) reference population [8] .
The Malawian economy is largely based on agriculture, and the main exports are tobacco, tea, and sugar. About 88% of the population live in rural areas where they practise subsistence farming on small farms, using traditional labour-intensive methods. Consequently, as many as 70% of the subsistence farmers do not produce enough food [9] . The price of maize, the staple food, is high relative to wages. In 1992 the price of a bag of maize sufficient to feed an average family of about five persons for one month was between 70% and 120% of the minimum monthly wage [10] . Breastfeeding is almost universal and is carried on for an average period of about 21 months, but complementary feeding is introduced much too early. The World Health Organization (WHO) recommends that children under the age of four months be exclusively breastfed, but only 3% of such children were being exclusively breastfed during the 1992 Malawi and Demographic and Health Survey [6] . The early introduction of complementary food is undesirable, particularly in a developing country such as Malawi, since the typical weaning food is of poorer quality than breastmilk and may be contaminated.
The major diseases of children in Malawi are malaria, diarrhoea, and respiratory diseases, particularly pneumonia [6] . Illness affects the nutritional status of children, since it depresses a child's appetite and reduces the absorption of nutrients, but increases the energy requirement. In addition, nutrients are lost through vomiting or diarrhoea. On the other hand, it can be argued that undernourished children are more prone to infection, so that the relationship between infection and malnourishment goes in a vicious cycle.
In this paper, multilevel analyses were performed on weight-for-age Z scores to determine the socioeconomic, morbidity, and feeding variables that are associated with nutritional status. Multilevel analysis is appropriate for household survey data that often contain information on more than one child per mother. There is growing evidence of familial clustering of health outcomes between siblings owing to shared maternal or household characteristics [11, 12] .
Data and methods
The data used in this study are from the crosssectional Malawi Demographic and Health Survey, which was carried out in 1992 and was designed to provide information on fertility levels, family planning, breastfeeding practices, early childhood mortality, and the nutritional status of mothers and young children, among other things. Of 8,652 enumeration areas identified during the 1987 census, 225 enumeration areas were selected with probability proportional to size. The survey deliberately oversampled the northern region and urban areas so that regional and urban-rural comparisons could be made. Thus, the Malawi Demographic and Health Survey is not self-weighting. Details of the precise sampling and weighting procedures have been published elsewhere [6] . Software for multilevel modelling with weighted data are still at the experimental stage. Therefore, in this study unweighted data are used. This implies that, strictly speaking, the relationships observed in the analysis refer to the unweighted sample and not to the whole population of Malawian children. It has been suggested that the bias from using unweighted data may be minimized by the inclusion of the design variables as explanatory factors in the model [13] . Thus, region and urban-rural residence (the design variables) were included in the analysis as explanatory variables.
In this study, weight-for-age anthropometric measurements for children under five years old were compared to the NCHS reference population. The Centers for Disease Control package ANTHRO was used to calculate the weight-for-age Z scores. There were 3,173 children between 1 and 59 months of age, but the multivariate analysis includes only children aged 4 to 59 months, since low anthropometric measurements for infants under the age of 4 months could be a result of prematurity or other endogenous causes. However, the univariate analysis of breastfeeding practices includes children under the age of 4 months.
Separate multivariate analyses were conducted for children aged 4 to 11 months and those aged 12 to 59 months. Splitting the children into the two groups was necessary, for two main reasons. First, in Malawi nearly all children under one year of age are breastfed, and therefore the relationship between breastfeeding and nutritional status can be assessed only for older children. Second, the determinants of malnutrition for infants may be different from those for older children, so that if only one model is fitted, it may fail to identify these differences. Thus, the multivariate analysis involved 544 children aged 4 to 11 months and 2,379 children aged 12 to 59 months.
A multilevel approach was adopted to identify characteristics associated with malnutrition at the individual child and the mother or household level. Many household survey data tend to have a hierarchical structure, and the units of observation are often similar within a level of the hierarchy. For example, children of the same mother may have similar health outcomes (e.g., morbidity or mortality) because of shared maternal characteristics, such as feeding practices, sanitation, child care, or genetic frailty. Beyond the household level, similarities may also exist within geographic areas, so that three-level (or higher) models can be fitted if the data are sufficiently large. In this study, however, only a two-level model was considered.
For the 4-to 11-month age group, single-level regression using the stepwise selection procedure was used, because children of these ages are unlikely to have siblings within the same age group. Indeed, an examination of the data showed that only one mother had triplets in this age group. For the 12-to 59-month age group, a two-level model was fitted incorporating individual child variables and variables relating to the mother or household. The simplest two-level model with one explanatory variable X is of the form WAZ ij = a + bX ij + u j + e ij where WAZ ij is the weight-for-age Z score for the ith child belonging to the jth mother; X ij is the value of X for the ith child belonging to the jth mother; u j is the deviation from the overall mean for the jth mother; and e ij is the deviation of the ith child from the mean of the jth mother. It is assumed that u j and e ij are normally distributed with means equal to zero and variances and , respectively [14] . This simple two-level model can be extended to one with several explanatory variables, some of which could be categorical. The presence of two sources of random variation is what distinguishes this model from an ordinary regression model. Ordinary regression models assume that the response variables (in this case, weight-for-age Z scores) are independent for any two observations, but when data are clustered, this assumption may not be valid. A technical consequence of ignoring clustering is that the standard errors of the estimates may be underestimated, so that some variables may appear to be significant when in fact they are not. Goldstein [15] described the intra-cluster correlation coefficient using the formula:
. This can be interpreted as measuring the degree of correlation between weight-for-age Z scores of children within the same family, and the higher the value of this coefficient, the greater the correlation. The statistical package SPSS was used to fit the ordinary regression model for the 4-to 11-month age group, and for the two-level model, the statistical package MLn [16] was used. At the child level, the variables used were the sex of the child, the age to the nearest month, the length of the preceding birth interval, the birth order, whether the child had a fever or cough, and the number of days (if any) the child had had diarrhoea during the two weeks before the survey. The length of the succeeding birth interval (if any) was included for the 12-to 59-month age group only, since children under one year of age are unlikely to have a succeeding sibling. Mothers were also asked about the size of the baby at birth, that is, whether the baby was very large, normal, or small. This information was used as a rough indicator of the child's health status at birth.
In the survey, mothers were asked the age when they started giving their child drinking water, formula, other liquids, or solids. However, information on the type of food that was given 24 hours before the survey was collected only for children who were being breastfed. Consequently, this information was included for the 4to 11-month age group only. The study differentiated between those who had started receiving complementary food before the recommended age of 4 months and those who had started after 4 months. Thus, three categories were created for the type of breastfeeding: those who were exclusively or fully breastfed (breastmilk and plain water only), those who received complementary food but had started before the age of 4 months, and those who were given complementary food at or after the age of 4 months.
Since the majority of children received water during the first month, the age when drinking water was introduced was not included in the analysis. Nearly all children under 12 months of age were being breastfed, so breastfeeding status was considered for the 12-to 59-month age group only. A dummy variable was created to identify those who were still breastfeeding and those who were not.
At the mother level, the socio-economic and sanitation characteristics that were used in the analyses were the level of the mother's education; the presence of modern amenities, such as electricity, a working radio, and a car or motorcycle; the source of drinking water; and the type of toilet facility.
Univariate results
Nearly all children under one year of age were still breastfeeding at the time of the survey (99%). Of those aged 12 to 23 months, about 79% were still breastfeeding, while the percentage still breastfeeding between 24 and 35 months of age was about 11%. Very few children aged 36 months or older were still breastfeeding (1%). The median duration of breastfeeding in Malawi is about 21 months [6] . Between 24 and 35 months of age, the percentages of children still breastfeeding differ significantly by the level of maternal education and also urban-rural residence. In this age group, about 14% of children whose mothers had four or fewer years of education were still breastfeeding, compared with only 6% of those whose mothers had five or more years of education. Similarly, the percentages of children aged 24 to 35 months still breastfeeding were 14% and 4% for rural and urban areas, respectively. The survey also collected information on the frequency of breastfeeding within the 24 hours before the survey, but there was little variation in the frequency of breastfeeding among children of various socio-economic subgroups. Table 1 shows the percentage of breastfeeding children who were receiving complementary food or fluid according to age. Exclusive breastfeeding was uncommon among children under the age of 4 months. More than 90% of such young children were being given plain water, contrary to recommended infantfeeding practices. Furthermore, about 12% of such young children were being given sugar water, which has very little nutritional value. The use of baby formula is not common, even among older children. Overall, nearly half of the children under the age of 4 months had already started receiving solids or mushy food, and among infants aged 0 to 1 month, the percentage who had started on solids was about 25%. WHO recommends that children be given other food apart from breastmilk by the age of 6 months. In the sample, about 10% of those aged 6 months or older who were still breastfeeding did not receive solid or mushy food in the 24 hours before the survey. The use of feeding bottles is not very common in Malawi. Only about 5% of children under 4 months of age and 8% of children aged 4 to 11 months were bottlefed. After two years of age, the percentage of bottle-fed children drops to about 2%. Nearly 70% of the children who were bottle-fed in the 24 hours before the survey were still breastfeeding, suggesting that bottle-feeding was a supplement to breast-feeding rather than a replacement for it. A disproportionately high percentage (11%) of children under two years of age whose mothers had five or more years of education were using bottles, compared with only 3% of those whose mothers had four years of education or less.
Mean weight-for-age Z scores for children aged 4 to 59 months classified by several background characteristics are presented in table 2. Girls have on average better weight-for-age Z scores than boys, but the difference is significant only for the younger age group. The mean weight-for-age Z score for children aged 4 to 11 months who were fully or exclusively breastfed was lower than for those who were given solids, but the difference was only significant at the 10% level.
For the length of the preceding birth interval, there were no significant differences between the means of the categories of this variable for the 4-to 11-month age group, but the results for the 12-to 59-month age group showed better weight-for-age Z scores for children who were born at least 48 months after the preceding child. In contrast, for the length of the succeeding birth interval, children with shorter intervals (less than 24 months) were associated with better nutritional status than those with longer intervals or those who had no succeeding sibling.
The major diseases of young children in Malawi are malaria, diarrhoea, and pneumonia [6] . The manifestation of malaria is fever; that of pneumonia is also fever, but accompanied with coughing and short, rapid breathing. About 41% of all the children under the age of five years were reported to have had fever during the two weeks preceding the survey. Almost 22% of the children had diarrhoea, and about 15% were reported to have been coughing with short, rapid breathing [6] . There were significant differences between the mean weight-for-age Z scores of children who had diarrhoea and those who had not been ill. For fevers and coughs, significant differences were observed for the older age group only.
The preliminary analysis showed that nearly all the socio-economic and sanitation variables studied were significant, and the general pattern was that children with higher socio-economic backgrounds had better weightfor-age Z scores than those with lower socio-economic backgrounds. However, because of the high interrelation of these variables, it was expected that some would not be significant in the multivariate analysis.
Multivariate results

Single-level regression analysis for the 4-to 11-month age group
The multiple regression analysis of weight-forage Z scores for the 4-to 11-month age group is shown in table 3. The analysis showed that of the individual characteristics, the sex of the child, the mother's assessment of the baby's size at birth, the child's age, and the type of breastfeeding were significant. Of the maternal or household characteristics, only the level of maternal education was retained in the model. The region of residence and urban-rural classification were significant. None of the morbidity variables during the two weeks before the survey were significant in this analysis. It is possible that the non-significance of these variables was a result of the small sample size rather than a true reflection of the lack of association between morbidity and nutritional status within this age group. The selected model explained only about 18% of the variation in weight-for-age Z scores. The results suggested that on average girls had better nutritional status than boys. The estimated mean weightfor-age Z score of girls was about 0.33 standard deviation higher than that of boys. Children who were small at birth (according to the mother's assessment) tended to have lower Z scores than children who were assessed to be normal or large at birth. To turn to the type of breastfeeding, those who were exclusively or fully breastfed had the lowest mean Z scores, but the mean was not significantly different from that of children who were receiving complementary food but had started before 4 months of age. However, children who started receiving complementary food at or after 4 months had the highest mean, indicating better nutritional status.
There is a clear negative relationship between the child's age and weight-for-age Z scores, indicating that the nutritional status of children under the age of one year in Malawi appears to deteriorate as the children grow older. This is reflected by a nearly straight line for the mean weight-for-age Z scores between the ages of 0 and 12 months ( fig. 1 ). Beyond one year, the relationship between a child's age and its weight-for-age Z score is less straightforward, but there are indications of slight improvements in the nutritional status of children after the second year of life.
FIG. 1. Mean weight-for-age Z scores by age of child (Malawi DHS)
The level of maternal education was marginally significant at the 5% level. Infants whose mothers had some education had weight-for-age Z scores that were on average 0.25 higher than those of infants whose mothers had no education. The socio-economic and sanitation variables (e.g., type of toilet facility, source of drinking water, presence of electricity) were highly correlated with urban-rural residence, so that once urban-rural differences were accounted for, these socio-economic characteristics ceased to be significant. Another reason for the lack of significance of some of the socio-economic variables could be the small size of the sample used in this study.
The regression model for the 4-to 11-month age group also showed strong regional differences, particularly between the South and the rest of the country. The weight-for-age Z scores for children in the South were, on average, between 0.30 and 0.40 standard deviation lower than those of children in the other regions.
Two-level regression analysis for the 12-to 59-month age group
For the 12-to 59-month age group, the size of the baby at birth, the length of the preceding and succeeding birth intervals, breastfeeding status, the number of days with diarrhoea, and whether or not the child had a fever in the two weeks before the survey were significant at the 5% level or less (table 4). Among the maternal or householdlevel characteristics, the source of drinking water, the type of toilet facility, and whether or not the household had electricity were significant. Urban-rural residence and region were also significant, although the regional effect was confounded by the presence or absence of electricity in the household. The mother-level variance ( ) was 0.56, which was significant at the 5% level, indicating that weight-for-age Z scores for siblings were related. The child-level variance ( ) was 0.89, so that the intra-family correlation coefficient,
, works out to be 0.39. Thus, the degree of correlation of weight-for-age for children of the same family is about 39%. This model explained only about 9% of the variation in the Z scores. The association between the baby's size at birth and weight-for-age Z score was in the same direction as in the previous model and remained strong. Children who were small at birth continued to have lower weights than other children of similar age. Also, the results showed higher weight-for-age Z scores for children born 48 months or more after a preceding child than for those with shorter preceding birth intervals or first births. With regard to the length of the succeeding birth interval, those who had a succeeding sibling within two years appeared to have better nutritional status than the rest of the children. The relationship of breastfeeding and nutritional status showed that for each age, weight-for-age Z scores for children who were still breastfeeding were lower than the scores for those who were not breastfeeding ( fig. 2 ).
FIG. 2. Mean weight-for-age Z scores according to whether or not breastfeeding
The number of days a child had diarrhoea in the two weeks before the survey was negatively related to nutritional status and was associated with a decrease in the Z scores of about 0.02 standard deviation for each additional day of diarrhoea. Coughing was not significantly related to nutritional status, but those who had fever had lower Z scores than those who had no fever.
The level of maternal education ceased to be significant once the other socio-economic variables were included in the model. Poor water supply, particularly from unprotected wells, and the absence of toilet facilities were associated with poor nutritional status. Urban-rural residence was highly significant, showing better nutritional status for urban children, on average. The region of residence was significant but was confounded with the effect of the presence of electricity. The region-electricity interaction showed that for the majority of the children, who live in households without electricity, those from the northern region were better nourished, followed by those from the central region, with those from the southern region having the lowest mean weight-forage Z scores. Children from households with electricity were better nourished on average, with those from the southern region having the highest mean ( fig. 3 ).
FIG. 3. Mean weight-for-age Z scores showing region-electricity interaction
Discussion
The findings of this study suggest that breastfeeding patterns, morbidity, and socio-economic conditions are important determinants of undernutrition in Malawi. These results are in agreement with lessons learned in other developing countries [17, 18] . Further, the results study confirm the finding from other studies that the majority of Malawian children are given complementary food much too early [19, 20] . Only about 3% of children under the age of 4 months were exclusively breastfed. Solid or mushy food is introduced as early as 1 month to about 25% of children, contrary to WHO recommendations. The multivariate analysis suggested that the timing of the introduction of complementary food was important, and children who were given food according to the timing recommended by WHO tended to be better nourished than children who were started on solids too early. After 6 months of age, the infant needs other food in addition to breastmilk, and a delay in the introduction of solids may have undesirable consequences, such as growth faltering.
It is possible that because of the high awareness of the problem of undernutrition, mothers misguidedly introduce complementary food very early to prevent their children from being malnourished. Anecdotal evidence also suggests that some health educators recommend the early introduction of complementary feeding, especially when mothers express anxiety about the adequacy of their milk flow. The early introduction of complementary food is undesirable, because it interferes with breastfeeding. Breastmilk is the only properly balanced food for the human infant before the age of 4 months. Infants who are given complementary food too early may not feed at the breast vigorously because they may be too full, and therefore they may get fewer nutrients than recommended. This is especially true in many developing countries, where the complementary food is often of lower nutritional value than breastmilk. Another risk of the early introduction of complementary food is that of infection from contaminated food or feeding utensils. Some of the long-term risks of early complementary feeding are obesity, hypertension, and food allergies [21] .
The survey did not collect information on the nutrient density of the food given to the children. However, the most common type of complementary food in Malawi is a thin gruel made with water and maize flour, to which salt and sugar are added. This food is very low in protein and energy; a 200-ml cup contains about 80 calories [22] . Health educators recommend that groundnut powder, eggs, milk, ground fish, or oil be added to enrich the porridge, but many families cannot afford these. Infants and young children may also be given soft fruits that are in season, such as mangoes, papayas, oranges, and bananas. At around 8 months, the child is gradually introduced to the adult diet, and by 18 months the child eats the same diet as adults, a thick maize porridge accompanied by a vegetable stew or, on rare occasions, fish or meat [22] .
Another important variable not measured in the survey is the frequency of complementary feeding. Preparing a child's food separately requires time and extra firewood for cooking, but many rural mothers cannot afford these, so the frequency of the child's feeding depends on the number of times that the family has its meals. Traditionally, mothers used to cook food to be used by young children before leaving for their gardens, but this practice seems to have died out [4] .
Breastfeeding beyond infancy was associated with poor nutritional status for these children. Similar results have been documented for many sub-Saharan African countries [1, 23, 24] . One reason could be that when mothers are busy or away from home, they may use breastfeeding as a substitute for a regular meal. Also, older babies may sometimes refuse to eat their meals and prefer instead to latch onto the breast for a long time.
Another explanation for the observed adverse association of breastfeeding and nutritional status beyond infancy is that of reverse causality, where mothers continue to breastfeed children who appear small for their age. However, the fact that children who were breastfed beyond two years were from poorer socio-economic subgroups suggests selectivity rather than reverse causality. There is evidence to suggest that urban mothers or those with some years of education breastfeed for shorter durations than do rural or uneducated mothers [19] . But even though they may breastfeed for shorter durations, educated mothers often have an economic advantage over their counterparts that enables them to provide more nourishing food, so that their children tend to be better nourished.
In contrast, in areas where breastfeeding durations are shorter, such as Latin America and some Asian countries, the duration of breastfeding seems to have a positive effect on child nutrition and survival [18, 25] . Others have found that the beneficial effect of breastfeeding on child survival tends to be stronger within poorer subgroups [25, 26] . A study in the poorer Dodoma region of Tanzania supports this; adverse effects of short durations of breastfeeding on nutritional status were found in this area, where most of the children were from low socio-economic subgroups [27] .
The analysis also showed that girls had higher weight-for-age Z scores than boys, particularly for the 4-to 11-month age group. Quinn et al. [8] found similar results for Malawian pre-school children aged 24 to 59 months. However, studies from other countries found the opposite to be true [18, 28] . It is likely that the observed sex differences could be due to the biological frailty of boys, which has been observed in many countries.
Those children who were assessed by their mothers to have been small at birth had, on average, lower weightfor-age than those who were of normal weight or large. It is very likely that the mother's assessment was an accurate indicator of whether the baby was indeed smallfor-age or premature, and thus it would be expected that small babies would have low weight-for-age Z scores. The nutritional status of children deteriorated rapidly with age, especially during the first year of life. The age pattern of underweight observed in this study is similar to that of many countries, such as Ghana, Togo, Zimbabwe, and Bolivia [1, 2] . It is clear that the nutritional status of children starts to deteriorate when they are first exposed to complementary food.
Children born 48 months or longer after a preceding child had better weight-for-age Z scores, on average, than firstborn children or children born within four years of the preceding child. Children born after longer preceding birth intervals do not have to compete for maternal care and resources with another young child, and therefore they are likely to be better nourished than those born after a short preceding birth interval. Surprisingly, for the length of the succeeding birth interval, those who had a younger sibling before their second birthday had better weight-for-age Z scores. In Malawi, children who have a sibling before their second birthday are recognized to be in greater danger of becoming malnourished, so they are described by special names to highlight this fact. It is possible that such children may be given extra attention and food to make up for the early cessation of breastfeeding and the reduced level of maternal care brought about by the presence of a younger sibling. Indeed, in some areas of the country, such children are fostered by grandparents who dote on them, to compensate for the early cessation of breastfeeding.
Child morbidity, especially fever and diarrhoea, was negatively related to nutritional status. Apart from the wastage of nutrients as a result of high temperatures or repeated bowel movements, the practice of withholding food from a sick child in an attempt to "cure" diarrhoea may also contribute to the adverse association [29] . In the Malawi Demographic and Health Survey, 17% of those children who were still breastfeeding had their frequency of feeding reduced when they had diarrhoea, and about 25% of all children who had diarrhoea were given less fluids than normal [6] .
For the source of drinking water, private taps, followed by public taps, were associated with better nutritional status. Surprisingly, the worst source of water appeared to be unprotected wells and not rivers or streams. Similar results also were found in connection with child mortality in Ghana [19] , and one explanation may be that stagnant water around the mouth of the well may go back in, thereby contaminating the water. With regard to toilet facilities, children from homes with no toilets had lower nutritional status than those from homes with flush toilets or pit latrines. Good sanitation is important for the prevention of diarrhoeal diseases. Safe water supplies and flush toilets are also indicators of high socio-economic status in Malawi.
The socio-economic status of a family is important because it determines, in most cases, the availability and quality of food for the children. In addition, households with modern amenities, such as electricity, cars, or motorcycles, also tend to have better sanitation, so that their children are less likely to be exposed to infection. The level of maternal education is also important, since educated mothers tend to follow instructions about feeding and caring for children much better than their uneducated counterparts. Educated women are likely to use curative and preventive health services more than uneducated women [30] .
The analyses showed that, in general, children from the southern region have lower weight-for-age than children from the other regions. The southern region is more densely populated than other regions and landholdings are smaller. In addition, rainfall in recent years has been more erratic, so that food production has been inadequate in this region. The region-electricity interaction, showing better nutritional status for children from households with electricity, especially those from the southern region, was not surprising, since the households with electricity in the South are likely to be in Blantyre, the largest commercial city in the country.
Another result of the study is the evidence of familial correlation of nutritional status among siblings. Since childhood undernutrition is largely a result of repeated infection and inadequate food intake, it is not surprising that the nutritional statuses of children in the same family are related. Other evidence of clustering of health outcomes, such as mortality, has been documented for Malawi [11] . This suggests that programmes to improve child survival and nutrition should be family based, targeting all young children of high-risk families.
The multivariate analyses explained only a small proportion of the variation in weight-for-age Z scores, suggesting that there are other explanatory factors that were not included in the models. Perhaps other types of studies, particularly those that observe children over a period while recording nutrient intake and illness, could shed more light on the factors associated with poor nutritional status.
Policy implications
It is clear that if the problem of malnutrition is to be reduced, Malawian families need to be educated about appropriate feeding practices for their infants and young children. To thrive, children need adequate nutrition and less exposure to infection. Thus, efforts are needed to improve the economic and sanitary conditions of Malawian families. The government of Malawi has already launched a poverty-alleviation programme, but in addition, specific policies with regard to child nutrition need to be implemented. It may be important to find out the level of knowledge of health educators who are responsible for teaching mothers about feeding and caring for their children. Properly trained educators are vital to any programme involved in improving mothers' knowledge of appropriate feeding practices. Also, research into the processing and production of weaning food, using locally available products, should be encouraged and financed.
Very few mothers in Malawi follow the recommended practice of exclusive breastfeeding of infants under the age of 4 months, so this is one area where efforts should be concentrated. Employers can be encouraged to allow working mothers who are nursing to go home during the day to breastfeed their children. In addition, where practical, creche facilities could be made available in urban centres to allow mothers to be near their young children. When weaning commences, the importance of regular feeding should also be emphasized, and when mothers have to be away, child-minding on a rota basis can be encouraged to ensure that infants and young children are given food on a regular basis.
In conclusion, the nutritional status of children in Malawi is poor and may account for the high levels of infant and child mortality. Children who are introduced to complementary food early are more malnourished than those who are introduced to complementary food according to the WHO-recommended timetable. It is also clear that the socio-economic status of a family has obvious implications for the nutritional status of the children. Children living in urban areas, particularly those in households with modern amenities, are in general better nourished than other children. In addition, such children have clean water and their families may have good toilet facilities, thus making them less susceptible to infection. Programmes designed to reduce malnutrition and child mortality levels in Malawi will clearly need to deal with the issue of poverty as well as challenging some of the prevailing infant-feeding practices that adversely affect the nutritional status of young children.
